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IMPROVEMENTS IN AND RELATING TO PARTICULATES 
IN EXHAUST STREAMS 

Field of the Invention 

5 

The present invention relates to apparatus and methods 
for the removal of particulates from and the transfer of 
particulates in exhaust streams. In particular, but 
without limitation, the present invention relates to the 
10 removal of particulates from and transfer of particulates 
in vehicle exhaust gas streams. 

Background to the Invention 

15 There is a growing public awareness of the need for a 

substantial proportion of particulates - to be removed from 
petrochemical engine driven vehicle exhaust gas streams 
prior to emission of said gas streams because of the health 
risks that can arise. The particles of most concern are 

20 those in the range PM 10-PM 2.5. There are associated 
moves within the industries involved, especially vehicle 
and engine manufacturers, and from regulatory authorities 
to improve the performance of particulate removal. 

25 To date most attention has been concentrated on the use 

of filters as a way of achieving particulate reduction from 
exhaust gas streams. These filters have been proven to be 
unsatisfactory because they require too frequent cleansing 
or exchange, and they have an undesirable effect on exhaust 

30 gas pressures. The presence of the filter, and even more 
so as it becomes progressively clogged, results in a 
pressure .drop across the filter and a resultant back 
pressure which reduces engine performance and can cause an 
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increase in waste emissions contrary to the intention of 
the device. * 

Clearly there is a requirement for an improved 
5 apparatus and process for the removal of particulates from 
exhaust stream gases. It is an aim of preferred 

embodiments of the present invention to provide such 
improved apparatus and methods and apparatus and methods 
for use therein. 

10 

Summary of the Invention 

According to the present invention in a first aspect, 
there is provided an apparatus for transferring 
15 particulates in an exhaust stream, the apparatus comprising 
an exhaust . stream f lowpath, means for charging at least- 
some particulates within the exhaust stream and means for 
focusing at least some of the charged particulates. 

20 By focusing the particulates a concentrated stream is 

created that is easier to handle. If the focused stream is 
away from the surface of the channel it can be handled in 
such a way as to minimise back-pressure. 

25 Suitably, the focusing means comprises electromagnetic 

focusing means. Suitably, the electromagnetic focusing 
means comprises at least one charged plate. Suitably, the 
at least one charged plate is in the exhaust stream 
flowpath. Suitably, the electromagnetic focusing means 

30 comprises a plurality of electromagnetic focusing means 
along the exhaust stream flowpath. Suitably, the 

electromagnetic focusing force exerted by the plurality of 
electromagnetic focusing means varies between said 
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electromagnetic focusing means. Suitably, the focusing 
force is graduated along the exhaust stream flowpath. 

Suitably, the exhaust stream flowpath is defined at 
5 least in part by a tubular body. Suitably, the at least one 
focusing means is or are located along the length of the 
tubular body. Suitably, the tubular body is preceded 
(relative to the exhaust stream flowpath) by an entry 
chamber. Suitably, the tubular body is followed (relative 
10 to the exhaust stream flowpath by a collection chamber. 
Suitably, a baffle plate is provided between the tubular 
body and the collection chamber. Suitably, a generally 
conical concentrator head is provided, between the. tubular 
body and the collection chamber. * Suitably, the 
15 concentrator head is provided between the baffle plate and 
the collection chamber. Suitably a particulate flowpath is 
. provided through a hole in said baffle plate . 

Suitably, the focusing means is adapted to focus 
20 particulates to a region of the exhaust stream flowpath. 
Typically this will be a longitudinal region. Suitably, 
said region is spaced from the side walls of the tubular 
body. Suitably, said region is substantially central 
relative to the exhaust stream flowpath. 

25 

Suitably, the apparatus provides an exhaust gas exit 
flowpath discrete from a particulate flowpath. Suitably, 
the exhaust gas exit flowpath is defined by an exhaust gas 
flowpath chamber. 

30 

Suitably, a pump or the like is provided to transfer 
agglomerated particulate to another location. Suitably, 
the other location is a collector. Suitably, the collector 
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is in fluid communication with the sump via a fluid 
communication channel comprising a releasable valve, 
whereby the collector can be removed from the fluid 
communication channel. Suitably, the collector comprises 
5 an expandable sack. Suitably, the collector comprises a 
one-way valve permitting the ingress of agglomerated 
particulate, but not allowing egress therefrom of 
agglomerated particulate. Suitably, the one-way valve 
comprises a membrane. 

10 

Suitably, the apparatus is located in a vehicle 
silencer. 

Suitably, a gap is provided between the exit of the 
15 tubular body and the baffle plate. 

"According to the present invention in a second aspect, 
there is provided apparatus for collecting particulates 
from an exhaust stream, the apparatus comprising means for 
20 separating at least some of the particulate from the 
exhaust stream, . a sump for collecting agglomerated 
particulate and means for transferring agglomerated 
particulate from the sump to another, location. 

25 Suitably, the apparatus according to the second aspect 

of the invention is modified according to the first aspect 
of the invention. 

According to the present invention in a third aspect, 
3 0 there is provided a vehicle comprising an apparatus 
according to the first or second aspects of the invention. 
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Suitably, the vehicle comprises a petrochemical engine 
the exhaust flow of which is in fluid communication with 
the apparatus according to the first or second aspects of 
the invention. 

5 

According to the present invention in a fourth aspect, 
there is provided a method for transferring particulates in 
an exhaust stream, the method comprising charging at least 
some particulates within an exhaust stream for focusing at 
10 least some of the charged particulates. 

Suitably, the focusing means comprises electromagnetic 
focusing means. Suitably, the electromagnetic focusing 
means comprises at least one charged plate. Suitably, the 

15 at least one charged plate is ih the exhaust. , stream 
flowpath. Suitably, the electromagnetic focusing means 
comprises a plurality of electromagnetic focusing means 
along the exhaust stream flowpath. Suitably, the focusing 
is provided by electromagnetic focusing means and the" 

20 electromagnetic focusing force exerted by the plurality of 
electromagnetic focusing means ' varies between said 
electromagnetic focusing means. Suitably, the focusing 
force is graduated along the exhaust stream flowpath. 
Suitably, the at least one focusing means is or are located 

25 along the length of a tubular body. 

Suitably, the exhaust gas enter an entry chamber before 
the tubular body. 

30 Suitably, the focusing means focuses particulates to a 

region of the exhaust stream flowpath. Typically this will 
be a longitudinal region. Suitably, said region is spaced 
from the side walls of the tubular body. Suitably, said 
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region is substantially central relative to the exhaust 
stream flowpath. 

Suitably, agglomerated particulate is transferred to 
5 another location. Suitably, the other location is a 
collector. Suitably, the collector is in fluid 

communication with the sump via a fluid communication 
channel comprising a releasable valve, whereby the 
collector can be removed from the fluid communication 
10 channel. Suitably, the collector comprises an expandable 
sack. Suitably, the collector comprises a one-way valve 
permitting the ingress of agglomerated particulate, but not 
allowing egress therefrom of agglomerated particulate ; 
Suitably, the one-way valve comprises a membrane. 

15 

Suitably* the apparatus is located in a vehicle 
silencer. ' 

According to the present invention in a fifth aspect, 
20 there is provided a method for collecting particulates from 
an exhaust stream, the method ' comprising the steps of 
separating at least some of the particulate from the 
exhaust stream, collecting agglomerated particulate in a 
sump and transferring agglomerated particulate from the 
25 sump to another location. 

Suitably, the method according to the fifth aspect of 
the invention is modified according to the fourth aspect of 
the invention. 
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Brief Description of the Drawings 

The present invention will now be described, by way of 
example only, with reference to the drawings that follow; 
5 in which: 

Figure 1 is a schematic illustration of an apparatus 
according to a first embodiment of the present invention. 

10 Figure 2 is an end elevation of the particulate remover 

of the embodiment of the present invention shown in Figure 
1. 

Figure 3 is a cross sectional elevation on the line 
15 III-III of Figure 2. 

Figure 4 is a view similar to Figure 3 of a second 
embodiment of the invention. 

2 0 Description of the Preferred Embodiments 

Referring to Figure 1 of the drawings that follow, 
there is shown an exhaust stream gas flowpath inlet 2 
(typically through the first stage of a vehicle exhaust) 

25 from a petrochemical vehicle engine (not shown) in fluid 
communication with a particulate concentrator indicated 
generally at 4 and which is typically located in the 
silencer unit of a vehicle exhaust. The particulate 
remover is in fluid communication with an exhaust stream 

30 gas flowpath outlet 6 and a particulate outlet flowpath 8. 



The particulate outlet flowpath 8 comprises tubing 10 
connecting particulate concentrator 4 with a two stroke air 
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operated pump 12, which in turn is connected via tubing 14 



comprises a flexible inner sac 18 for containing 
agglomerated particulate material and a rigid outer 
5 container 20 which protects sac 18 and can be used for 
mounting the vessel 16. Tubing 14 is connected to vessel 
16 by a quick-release hand-operated valve 22. The entry to 
the sac 18 comprises a one-way membrane valve (not shown) 
which permits therethrough agglomerated particulate, but 
10 will note permit its egress. 

Referring to Figure 2 of the drawings that follow there 
is shown a cross section of particulate concentrator 4 from 
which it can be* seen that the concentrator 4 comprises four 
15 substantially identical longitudinal tubular channels 24 
mounted within circular cylindrical outer casing 26. 

Referring to Figure 3 of the drawings that follow, a 
longitudinal cross-section of particulate concentrator 4 is 

20 shown. In the concentrator 4 two of the four channels 24 
are visible within casing 26 in Figure 3. Each channel 24 
is substantially similar to the others and so only one will 
be described in detail herein. In Figure 3 arrows, such as 
that indicated at 28, show the flow and movement of gases 

25 and particulate as will be described hereinafter. 

Immediately after the gas flow inlet 2 there is a gas 
inlet chamber 30 from which outlets 32 are provided into 
channels 24. Electrically charged coronas 34 project 
30 through inlet chamber 32 into each of channels 24. 
Internal gas impervious walls 3 6 ensure the gas stream 
enters channels 24. The coronas are believed to need to be 



to a collector vessel 



16. 



The collector vessel 16 
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in the input gas system, but the location, number and 
configuration of the coronas can vary between applications. 

Each channel 24 comprises a generally circular 
5 cylindrical hollow tube defined by exterior wall 38. At 
the end distant from outlet 32 there is a channel outlet 42 
which is fluid communication with agglomeration chamber 44 
via an expansion chamber 46 providing a gap between outlet 
42 and a baffle plate 48 which divides expansion chamber 
10 46 from agglomeration chamber 44. In baffle plate 48 is a 
hole 50 (aligned with inlet 32) to provide fluid 
communication between expansion chamber- 46 and 
agglomeration chamber 44 . 

15 In each channel 24 are a plurality, in this case four 

are shown, of tubular electrically charged focusing 
elements 52 mounted on radial stalks 53 . Along the length 
of the channel 24 in a downstream direction (relative to 
the exhaust flow) the focusing elements 52 are of smaller 

2 0 diameter. Each element 52 is equidistant ly spaced from the 

centre of the channel 24 . 

About channels 24 are exhaust gas outlet chambers 54 
which are circular cylindrical, surrounding channels 24. 
25 Exhaust gas outlet chambers 54 are in fluid communication 
with expansion chamber 46 via outlets 56. Exhaust gas 
outlet chamber 56 are in fluid communication with exhaust 
gas outlet channel 58 via a plurality of holes 60 in the 
channel 58. Exhaust gas outlet channel 58 leads to 

3 0 atmosphere . 
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The agglomeration chamber 44 includes a sump region 62 
for gathering agglomerated particulate- The chamber 44 
also includes pressed depressions 64 aligned with holes 50, 

5 A mode of operation of the first embodiment of the 

present invention will now be described. 

Exhaust gas is generated from a petrochemical vehicle 
engine (not shown) as is well known and amongst the exhaust 

10 gas is entrained particulate material . The exhaust gas 
with entrained particulates flows along the exhaust gas 
flowpath to exhaust stream gas flowpath inlet 2 into gas 
inlet chamber 30 from where it flows into channels 24 via 
outlets 32. As the exhaust stream passes through the inlet 

15 chamber 3 0 it is subjected to an electric field by the : 
coronas 34 and substantial numbers of the particulates are 
thereby charged by the coronas ' 34. . Surprisingly it has 
been found that the particulates maintain this charge for 
long enough that they can be manipulated by electromagnetic 

20 fields during their dwell time in the particulate 
concentrator 4 . As the gas stream and (now charged) 
entrained particulate material passes along the channel 24 
it is subject to electric fields generated by the focusing 
elements 52. The voltage and current to the focusing 

25 elements 52 is set (relative to that of the coronas 34) to 
urge the charged particulates towards the centre of the 
flowstream to converge towards a narrow stream of charged 
particulate material. The exhaust gas flows out of the end 
42 of channel 24. The majority of that gas flow impinges 

30 on baffle plate 48 and exits expansion chamber 46 via 
outlets 56 to exhaust outlet 54. From outlet 6 the exhaust 
gases proceed to the remainder of the normal exhaust 
system. 
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The particulate material impinges on the walls of 
collecting chamber 44, agglomerates and falls to 
particulate sump region 62 at the foot thereof. From there 
5 it is transferred to sac 18 in container 20 by pump 12. 
The pump 12 serves to compress the agglomerated particulate 
in sac 18. The agglomerated particulate has the 

consistency and viscosity of a thick (relative to water) 
liquid and can be pumped adequately by a relatively low 
10 power pump. 

The agglomerate can be gathered in sac 18 until full 
and then a new collector vessel 16 .can be exchanged for the 
original. If the container 20 has a removable base the sac 
15 only can be removed therefrom and a new sac 18 used. As an.. 
alternative, the collector vessel 16 can be removed from 
tubing 14 and the sac 18 emptied. The collector vessel 16 
can then be re- attached to tubing 14 for future use. 

20 Referring to Figure 4 of the drawings that follow there 

is shown a concentrator generally similar to that shown in 
Figure 3, in relation to which corresponding reference 
numerals are used for similar parts. 

25 In Figure 4 the collector 4 differs in that the 

focusing elements in this case comprise bands 100 
circumf erentially located on (or in or around) the channels 
24. The focusing strength, ie electromagnetic field 
strength at the centre of the flowpath is increased 

3 0 downstream by increasing the field strength of each 
respective band 100. 
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Another difference is that the holes 50 in the baffle 
plate 48 are larger, but in agglomeration chamber 44 by- 
each hole 50 are generally conically shaped funnel 
concentrators 102 for further agglomerating and 
5 concentrating particulates impinging thereon. Residual 
exhaust gas velocity encourages the agglomerated 
particulate to leave funnel concentrators 102 at their 
exits 104 . 

10 The gap between baffle plate 48 and the entry to funnel 

concentrator 102 is provided, in conjunction with expansion 
chamber 46, to minimise an unwanted fluid flow effects. 

In the Figure 4 embodiments there are a plurality of 
15 coronas 34, in this case projecting into channels 24. 

The charge on the focusing elements is set as a design 
choice according to the design of the apparatus, engine 
configuration etc. 

20 

In some instances it may be possible to use magnets in 
place of the electrically charged focusing elements. 

Coronas can be placed anywhere in the flowpath up to 
25 the focusing elements. 

The number and dimensions of channels 24 can vary 
according to the engine configuration, and design choice. 

3 0 The present invention is particularly of use in 

relation to diesel engines, but can also find application 
with other petrochemical engines, and with other exhaust 
systems . 
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The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous to 
this specification in connection with this application and 
5 which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 

All of the features disclosed in this specification 
10 (including any accompanying claims, abstract and drawings) , 
and/or all of the stepsf of any method or process so 
disclosed, may be combined in any combination, except 
combinations where at least some of such features and/or 
steps are mutually exclusive. 

15 

Each feature disclosed in this specification (including 
any accompanying claims, abstract and drawings) , may be 
replaced by alternative features serving the same, 
equivalent or similar purpose, unless expressly stated 
20 otherwise. Thus, unless expressly stated otherwise, each 
feature disclosed is one example only of a generic series 
of equivalent or similar features. 

r 

The invention is not restricted to the details of the 
25 foregoing embodiment ( s ) . The invention extends to any 
novel one, or any novel combination, of the features 
disclosed in this specification (including any accompanying 
claims, abstract and drawings) , or to any novel one, or any 
novel combination, of the steps of any method or process so 
3 0 disclosed. 
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Claims 



1. An apparatus for transferring particulates in an 
exhaust stream, the apparatus comprising an exhaust stream 

5 flowpath, means for charging at least some particulates 
within the exhaust stream and means for focusing at least 
some of the charged particulates. 

2. An apparatus according to claim l, in which the 
10 focusing means comprises electromagnetic focusing means. 

3. An apparatus according to claim 2, in which the 
electromagnetic focusing means comprises at least one 
charged plate. 



4. An apparatus according to claim 3, in which the at. 
least one charged plate is in the exhaust stream flowpath. 

5 . An apparatus according to any preceding claim, in which 
20 the electromagnetic focusing means comprises a plurality of 

electromagnetic focusing means along the exhaust stream 
flowpath. 

6. An apparatus according to any one of claims 1 to 4, in 
25 which the electromagnetic focusing force exerted by the 

plurality of electromagnetic focusing means varies between 
said electromagnetic focusing means. 

7. An apparatus according to claim 6, in which the 
3 0 focusing force is graduated along the exhaust stream 

flowpath. 



15 
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8 . An apparatus according to any preceding claim, in which 
the exhaust stream flowpath is defined at least in part by 
a tubular body. 

5 9 . An apparatus according to claim 8 , in which the at 
least one focusing means is or are located along the length 
of the tubular body. 

10. An apparatus according to claim 8 or claim 9, in which 
10 the tubular body is preceded (relative to the exhaust 

stream flowpath) by an entry chamber. 

11. An apparatus according to any. one of claims 8 to 10, in 
which the tubular body is followed (relative to the exhaust 

15 stream flowpath by a collection chamber. 

12 An. apparatus according to claim 11, in which a baffle 
plate is provided between the tubular body and the . 
collection chamber. 

20 

13. An apparatus according to claim 12, in which a 
generally conical concentrator head is provided between the 
tubular body and the collection chamber. 

25 14 . An apparatus according to claim 13, in which the 
concentrator head is provided between the baffle plate and 
the collection chamber. 

15. An apparatus according to claim 12 or claim 13, in 
30 which a particulate flowpath is provided through a hole in 
said baffle plate. 
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16 . An apparatus according to any preceding claim, in which • 
the focusing means is adapted to focus particulates to a 
region of the exhaust stream flowpath. 

5 17. An apparatus according to claim 16, in which said 
region is spaced from the side walls of the tubular body. 

18. An apparatus according to claim 16 or claim 17, in 
which said region is substantially central relative to the 

10 exhaust stream flowpath. 

19. An apparatus according to any preceding claim, in which 
the apparatus provides an exhaust gas exit flowpath 
discrete from a particulate flowpath. 

15 

20. An apparatus according to claim 19, in. which the 
exhaust gas exit flowpath is defined by an exhaust gas 
flowpath chamber. 

20 21. An apparatus according to any preceding claim, in which 
a pump or the like is provided to transfer agglomerated 
particulate to another location. 

22. An apparatus according to claim 21, in which a 
25 collector is in fluid communication with the pump via a 
fluid communication channel comprising a releasable valve, 
whereby the collector can be removed from the fluid 
communication channel. 



3 0 23 . An apparatus according to claim 22, in which the 
collector comprises an expandable sack. 
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24. An apparatus according to claim 23, in which the 
collector comprises a one-way valve permitting the ingress 
of agglomerated particulate, but not allowing egress 
therefrom of agglomerated particulate. 



25. An apparatus according to claim 24, in which the one- 
way valve comprises a membrane. 

26. An apparatus according to any preceding claim, in which 
10 the apparatus is located in a vehicle silencer. 

27. An apparatus according to any one of claims 12 to 14, 
in which a gap is provided between the exit of the tubular 
body and the baffle plate. 



28. Apparatus for collecting particulates from an exhaust 
stream, the apparatus comprising means for separating at 
least some of the particulate from the exhaust stream, a 
sump for collecting agglomerated particulate and means for 

20 transferring agglomerated particulate from the sump to 
another location. 

29. The apparatus according to claim 28 is modified 
according to any one of claims 1 to 27. 

25 

30. A vehicle comprising an apparatus according to any one 
of claims 1 to 29. 

31. A vehicle according to claim 30, in which the vehicle 
3 0 comprises a petrochemical engine the exhaust flow of which 

is in fluid communication with the apparatus according to 
any one of claims 1 to 29. 



5 
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32. A method for transferring particulates in an exhaust 
stream, the method comprising charging at least some 
particulates within an exhaust stream for focusing at least 
some of the charged particulates . 

5 

33. A method according to claim 32, in which the focusing 
means comprises electromagnetic focusing means. 

34. A method according to claim 33, in which the 
10 electromagnetic focusing means comprises at least one 

charged plate. 

35. A method according to claim 34, . in which the at least 
one charged plate is in the exhaust stream flowpath. 

15 

36. A method according to claim 33, in which the 
electromagnetic focusing means comprises a plurality of 
electromagnetic focusing means along the exhaust stream 
flowpath. 

20 

37. A method according to claim 36, in which the focusing 
is provided by electromagnetic focusing means and the 
electromagnetic focusing force exerted by the plurality of 
electromagnetic focusing means varies between said 

25 electromagnetic focusing means. 

38. A method according to claim 32, in which the focusing 
force is graduated along the exhaust stream flowpath. 

30 39. A method according to claim 38, in which the at least 
one focusing means is or are located along the length of a 
tubular body. 




• 
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40. A method according to claim 3 9, in which the exhaust 
gas enter an entry chamber before the tubular body. 

41. A method according to claim 32, in which the focusing 
5 means focuses particulates to a region of the exhaust 

stream flowpath. 

42. A method according to claim 41, in which said region is 
spaced from the side walls of the tubular body. 



43. A method according to claim 41 or claim 42, in which 
said region is substantially central relative to the 
exhaust stream flowpath. 

15 44 . A method according to claim 32, in which agglomerated 
particulate is transferred to another location. 

45. A method according to claim 44, in which a collector is 
in fluid communication with the sump via a fluid 

20 communication channel comprising a releasable valve, 
whereby the collector can be removed from the fluid 
communication channel. 

46. A method according to claim 45, in which the collector 
25 comprises an expandable sack. 

47. A method according to claim 45, in which the collector 
comprises a one-way valve permitting the ingress of 
agglomerated particulate, but not allowing egress therefrom 

3 0 of agglomerated particulate. 



10 



48. A method according to claim 47, in which the one-way 
valve comprises a membrane. 




• 
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49. A method according to any one of claims 32 to 48, in 
which the apparatus is located in a vehicle silencer. 

5 50. A method for collecting particulates from an exhaust 
stream, the method comprising the steps of separating at 
least some of the particulate from the exhaust stream, 
collecting agglomerated particulate in a sump and 
transferring agglomerated particulate from the sump to 
10 another location. 

51. A method according to claim 50, in which the method 
according to claim 50 is modified according to any one. of 
claims 32 to 49. 
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